Background {#Sec1}
==========

Conventional frameworks of population health typically implicate a range of social, environmental and economic factors as key determinants of health \[[@CR1]\]. However, there are historical and contemporary factors such as dispossession, discrimination and racism, that are uniquely experienced by minority and Indigenous populations and are known to impact on mental and physical health \[[@CR2]--[@CR4]\]. Racism, in particular, is being cited more commonly in the international literature as having serious adverse consequences for health \[[@CR5]--[@CR10]\], and is widely acknowledged as playing a crucial role in the formation of health disparities \[[@CR11]--[@CR14]\].

Racism takes many forms and can be expressed at interpersonal, systemic and internalised levels \[[@CR15]--[@CR18]\]. Accordingly, the pathways by which racism impacts on health are multifaceted and complex, for all populations \[[@CR7], [@CR19]\]. They include the direct impacts of racism on health (e.g. racially motivated physical assault), and the indirect effects that stem from reduced and unequal access to medical, social and economic resources required for good health, increased exposure to risk factors associated with ill health, such as withdrawal from health care and health promoting activities, and the stress of racism and its ill effects \[[@CR20], [@CR21]\]. In addition, poor health in childhood has been linked to the experience of vicarious racism---that is, the experiences of others, including parents, carers and family members \[[@CR22]\]. Few studies have examined how vicarious racism impacts on child health and wellbeing, although the hypothesised mechanisms are centred around the stress associated with parental experiences of (direct and vicarious) racism and the resultant impact on parenting practices \[[@CR23]--[@CR25]\].

Despite a considerable increase in the number of studies on racism and health in recent years, relatively few have focused on younger age groups \[[@CR5], [@CR26], [@CR27]\]. The existing research has primarily examined the impacts of direct forms of racism, and suggests that younger people are more vulnerable to racism's harmful effects. These effects extend to negative outcomes in general health, life satisfaction, behaviour problems, health-related behaviours (alcohol, drug use and smoking), and healthcare utilization \[[@CR22]\]. In addition, a small number of studies have shown that parent-experienced racial discrimination is associated with pregnancy and birth outcomes \[[@CR28]--[@CR32]\]. While this signifies that racism can influence development in the very early stages of life, few studies have examined the ongoing consequences of early exposure to this form of stress \[[@CR33]\]. The sparse evidence from studies that draw on longitudinal data indicates that racism precedes poor health but provides few insights about the sensitivity of early exposure, the importance of duration of exposure, or the latency period between exposure to racism and onset of illness; as a result, the causal pathways through childhood and later life are not fully understood \[[@CR5], [@CR33]\].

Most studies of the impact of racial discrimination in childhood have been conducted in the United States among African American, Latino and Asian groups, with few studies in other minority populations and national contexts \[[@CR22]\]. The quantitative empirical evidence for Indigenous populations is particularly sparse, despite the fact that racism is commonly cited as underpinning Indigenous people's experiences of exclusion from aspects of social, political, and economic life \[[@CR8], [@CR34]\]. In Australia, for example, there have only been a handful of studies on populations of Indigenous (Aboriginal and Torres Strait Islander) children and these have focused on a restricted set of mental health, health risk behaviour and physical health indicators using primarily cross-sectional data for discrete population groups \[[@CR35]--[@CR38]\]. While the results in Australian Indigenous settings are broadly consistent with the US literature \[[@CR22]\], much more research is needed in order to understand the role of racism as a determinant of Indigenous child health and the underpinning pathways.

The objective of this study is to use national longitudinal data on Indigenous children and multiple-indicators of racial discrimination to provide further insights on the links between persistent racism and health in early life. We use three dimensions of carer-reported racial discrimination that capture the direct experiences of children themselves and also vicarious exposure by their primary carer and family. Six waves of data from the *Footprints in Time* study (the Longitudinal Study of Indigenous Children; hereafter referred to as LSIC) are drawn upon to examine the associations between racial discrimination and a range of health outcomes that have been shown to be associated with racism in prior research on ethnic population groups. These outcomes include mental health \[[@CR39]\], general health \[[@CR37]\], sleep difficulties \[[@CR40], [@CR41]\] and obesity \[[@CR42]\]. In addition, we examine injury as an outcome given the direct threats to health posed by racial violence and the indirect pathways from racism-related stress to mental impairment and unintentional injuries \[[@CR7]\], and asthma, to further test the relationship found between psychosocial stress and the risk to poor child respiratory health \[[@CR43]\]. In addition, we use population attributable risks (PARs) to further assess the significance of racism as a determinant of Australian Indigenous child health. PAR estimates consider both the level of exposure to a risk factor and its impact on a health outcome, and provide a measure of how much disease can be averted if the risk factor could be eliminated \[[@CR44]\].

Methods {#Sec2}
=======

The LSIC is the first large-scale longitudinal survey to focus on the development of Australian Indigenous children \[[@CR45]\]. The first wave of the survey was conducted in 2008, with subsequent waves conducted annually. The LSIC employed a non-random purposive sampling design, with study children recruited from 11 sites across Australia. These sites were chosen for practical and logistical reasons, and to represent the diversity of community environments where Indigenous children live \[[@CR46]\]. Further details regarding the rationale, sampling, recruitment, and data collection have been reported elsewhere \[[@CR47]\].

Participants {#Sec3}
------------

The participants for the current study included 1239 Indigenous children retained in the Wave 6 sample of the LSIC. The LSIC originally recruited two cohorts of Indigenous children in 2008 using purposive sampling. Families were approached within study sites based on address records provided by Centrelink and Medicare Australia of potentially in-scope children. Word of mouth and study promotion were also employed to recruit additional children. LSIC study children included individuals identified by their (consenting) primary carer as Indigenous and (1) aged between 6 months and 2 years at Wave 1 (born between 2006 and 2008; *n* = 954), or (2) aged between 3½ and 5 years at Wave 1 (born between 2003 and 2005; *n* = 717). By Wave 6 in 2013, the two cohorts had reached 5½--7 and 8½--10 years of age, respectively. A total of 1671 children were recruited for Wave 1, and these children were involved in subsequent waves where possible. The sample retention was 74% at Wave 6. At Wave 1, 94.9% of the children spoke English, 20.0% spoke an Indigenous language, and 15.0% spoke both English and an Indigenous language \[[@CR48]\]. The majority (86.8%) of the children were identified by the parent as Aboriginal with 7.2% Torres Strait Islander and 6.0% identified as being both.

The primary respondent at each wave was the child's primary parent or carer. The carer who completed the Wave 1 interview was the birth mother in 93.9% of cases and the data reported here relate to responses from the person identified as the primary carer.

Primary explanatory variables {#Sec4}
-----------------------------

The LSIC asked a suite of questions on issues of racism, discrimination and prejudice. We included three questions in this study: the primary carer's views on their own experiences of racism ("Have you been treated unfairly or discriminated against or been treated badly because you are Aboriginal/Torres Strait Islander?"), and their perceptions of the experiences of their family ("How often does your family experience racism, discrimination or prejudice?") and the study child at school ("As far as you know, has the study child been bullied or treated unfairly at preschool/school because he/she is Aboriginal or Torres Strait Islander?"). These three responses provide both indirect (vicarious) and direct measures of the study child's exposure to interpersonal (and potentially institutionalised) racism. For analysis purposes, persistent racial discrimination was defined in this study as exposure in multiple waves. Data for primary carer exposure was collected in Waves 1 and 4 and in Waves 3 and 5 for family exposure; while child exposure was collected in Waves 2 and 6 (older cohort) and Waves 4 and 5 (younger cohort), small cell sizes precluded a robust statistical analysis of persistent exposure to racism at school among study children. Exposure in a single wave only was categorised as time-limited racial discrimination. Only valid responses at both time points were used to define persistent and time-limited exposure.

Outcome measures {#Sec5}
----------------

Overall, six indicators were selected for analysis in this study---one mental health and five physical health measures. Mental health (or social and emotional wellbeing) was measured using the Strengths and Difficulties Questionnaire (SDQ) in Wave 6. The SDQ assessed risk status for clinically significant emotional or behavioural difficulties (CSEBD) \[[@CR49], [@CR50]\]. Consistent with its design parameters, the SDQ was collected only for participants aged 3 years and over. The 20 questions that examined emotional symptoms, conduct problems, hyperactivity and peer problems were combined to produce a SDQ Total Score (range 0--40). Primary carers' responses to the SDQ form the basis of the analysis of Indigenous children's mental health in this study, with scores of 17--40 indicating that a child was at high risk of CSEBD (or a mental health problem).

The physical health indicators were primarily chosen on the basis of prior research on the relationship between racism and physical health among ethnic population groups \[[@CR5], [@CR12], [@CR22]\]. Primary carers were asked in Wave 6 about the study child's general health, whether they experienced sleep difficulties, weight status, and whether the child had ever had an injury or asthma: (1) the subjective measure of general health was assessed by carers using a five-point scale. Responses were dichotomised, with children recoded as being in either 'excellent/very good' health or 'poor, fair or good' health; (2) children who usually had trouble getting to sleep or staying asleep in the last month were deemed to have sleep difficulties, based on responses from the latest available wave (Wave 6 for the younger cohort and Wave 5 for the older cohort); (3) weight status was derived from height and weight measurements taken by LSIC interviewers. Children were categorised as underweight, normal weight, overweight, or obese based on body mass index (BMI) z-scores \[[@CR51]\]. Obesity was the outcome of interest in this study, with comparisons focusing on children categorised as 'obese' vs. 'normal weight'; (4) injuries included fractures, dislocations, sprains, burns, cuts, concussion, internal injuries, dental injuries, unintentional poisoning, near drowning, dog bites and other injuries. Children that had experienced at least one of these in their life were coded as having had an injury for the purposes of this study; and (5) to determine asthma prevalence, carers were simply asked whether the child had 'ever had asthma'.

Covariates {#Sec6}
----------

A number of variables that may also influence the study outcomes were considered as covariates in the analyses. These include demographic characteristics (child sex, the age of the study child and primary carer, and level of relative geographic isolation) and socioeconomic status (SES) indicators (primary carer education, material wellbeing and measures of neighbourhood/community SES). Geographic isolation is defined using the Level of Relative Isolation (LORI) classification, which is based on the Accessibility/Remoteness Index of Australia (a widely used classification of remoteness in Australia). The separate categories of isolation reflect differences in access to services, cultures and health outcomes for Indigenous children in Australia \[[@CR52]\]. The LORI of each study household was recorded at each wave on a four-point scale that ranged from none (metropolitan area), to low, moderate and high/extreme. The most recently recorded location was used in the present analyses. Primary carer education was reported at Waves 2 and 3 on a fourteen-point scale that ranged from never attended school to postgraduate degree. In the present study the most recently reported value was used. We tested two constructs of material wellbeing---financial strain and family income. The former was considered the superior measure for this study, on both practical and theoretical grounds, as (1) the odds ratios for family income were generally close to the null in models testing the association between health and racism, and (2) income does not capture the nature of sharing of economic resources that can occur between members of extended Indigenous families \[[@CR53]\]. The subjective rating of financial strain was coded to five categories: from "we can save a lot" to "we run out of money before payday". Two measures of neighbourhood/community SES were tested---the Australian Bureau of Statistics' Socioeconomic Index for Areas (SEIFA) product and Biddle's Index of Relative Indigenous Socioeconomic Outcomes (IRISEO). Both SEIFA and IRISEO were generally found to be unrelated to aspects of Indigenous child wellbeing in this study and were removed from the final models presented in this paper.

Analysis {#Sec7}
--------

The analyses undertaken for this study is based on the information available for 1239 children at Wave 6 of the LSIC. In preliminary analyses, we calculated the prevalence of the three racial discrimination variables, with logistic regression models used to quantify the independent associations between these variables and the socio-demographic covariates described above (all variables were adjusted for simultaneously). The primary analyses---examining the associations between racial discrimination and health at Wave 6 (5--10 years of age)---were also conducted using logistic regression. All physical and mental health outcome measures were dichotomised---total SDQ score, general health, sleep difficulties, weight status (obesity), whether suffered an injury and asthma---and modelled separately with each racism variable. Two models were constructed to examine the relationship between each racism and health combination. The first (Model 1) includes the age and sex of the study child as basic covariates. In the second model (Model 2) we also included the age of the primary carer, level of relative geographic isolation of the household, primary carer education and family financial strain, and tested whether their inclusion varies the strength or nature of the association between racism and health. We examined the change in effect size between Models 1 and 2 as an indication of the robustness of the relationship between racism and health. A multilevel approach was employed in all modelling to account for both the survey's clustered sampling design and the repeated measures on the same individual \[[@CR54]\]. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA, 2002--12) was used for all analyses.

Population attributable risks (PARs) were derived for each racial discrimination variable using the adjusted odds ratios (aOR) from Model 2. We report odds ratios (OR) and PARs, with 95% confidence intervals (95% CI). Confidence intervals (95%) around PAR values were calculated using the method described by Hildebrandt et al. (2006) \[[@CR55]\].

Primary exposures, outcomes and covariates were subject to non-response, with regression models based on participants with complete data. The models used in preliminary analyses included complete data for most of the sample at Wave 6 (1020--1196 cases); in the primary analyses, the models for primary carer (561--791 cases) and family (684--961 cases) experiences of racial discrimination had fewer complete cases---this was mostly the result of not having valid data in multiple waves in order to define persistent and time-limited exposure to racial discrimination. To assess the impact of missing data on the effect estimates, a sensitivity analysis was carried out using imputed data. Multivariate imputation by chained equations was used to generate 10 data sets \[[@CR56]\], the same models were run and the coefficients were combined and compared to the coefficients generated using complete cases only. These analyses were conducted using R (version 3) \[[@CR57]\].

Results {#Sec8}
=======

Almost a quarter (23%) of Indigenous children in Wave 6 of the LSIC had a mental health problem (high risk of clinically significant emotional or behavioural difficulties). In addition, 25% had their health assessed as less than excellent or very good, 21% had difficulty sleeping in the last month, 21% were obese, 4% had suffered an injury in their lifetime, and 11% had asthma.

Two-fifths (40%) of primary carers, 45% of families and 14% of Indigenous children aged 5--10 years were reported to have experienced racial discrimination at some point in time (Fig. [1](#Fig1){ref-type="fig"}). The majority (69%) of primary carers that had experienced racial discrimination had a time-limited exposure (reported in one wave only), while 31% experienced persistent racial discrimination (reported in multiple waves). A similar pattern was observed for family members (60% time-limited and 40% persistent) and study children (72% and 28%, respectively).Fig. 1Proportion of Indigenous children aged 5--10 years that have ever been exposed to racial discrimination

Table [1](#Tab1){ref-type="table"} includes odds ratios from logistic regression analyses between exposure to racism and socio-demographic factors, and highlights that there were generally only weak to moderate independent associations observed, with few statistically significant effects. The results, however, indicate that it was more common for older Indigenous children and primary carers to have experienced racial discrimination. In particular, children aged 9--10 years were over 4 times more likely (OR = 4.4; 95% CI: 2.85--6.79) to be treated badly or discriminated against because they were Indigenous than children aged 5--6 years. Racial discrimination appeared to be associated with geographic location: primary carers and families living in areas of moderate and high/extreme isolation were less likely to ever be exposed to racial discrimination, with those living in the most remote locations having the lowest odds (OR = 0.43, 95% CI: 0.24--0.78 for primary carers, and OR = 0.22, 95% CI: 0.12--0.40 for families) relative to children in metropolitan areas. In contrast, children in high/extreme isolation had elevated odds of exposure to racism at school (OR = 2.2; 95% CI: 1.08--4.44). The results for SES were mixed: the evidence for a relationship between reported racial discrimination and the educational attainment of the primary carer was inconclusive in that only a relatively weak and statistically insignificant odds ratio for primary carer and family experiences of racism was observed among those with a bachelor degree or higher. However, there was a stronger and statistically significant association for family financial strain, with an increasing likelihood of exposure to racial discrimination for children in families with poorer financial circumstances.Table 1Multivariate association between experiences of racial discrimination and selected socio-demographic characteristics of Indigenous childrenPrimary carer's experience of racism (ever)Family experience of racism, discrimination or prejudice (ever)Study child treated badly or discriminated against because they were Indigenous (ever)% (n)^a^aOR95% CIaOR95% CIaOR95% CISex of study child Male50.0 (628)Reference..Reference..Reference.. Female50.0 (627)0.950.73--1.240.980.78--1.251.190.82--1.72Age of study child (years) 5--650.0 (628)Reference..Reference..Reference.. 7--812.4 (156)0.910.60--1.380.820.56--1.201.610.84--3.11 9--1037.5 (471)1.040.78--1.390.860.66--1.124.40\*\*2.85--6.79Age of primary carer (years) 20--2925.2 (316)Reference..Reference..Reference.. 30--3946.8 (588)1.200.86--1.691.140.84--1.550.880.54--1.44 40--4921.3 (267)1.74\*\*1.17--2.591.69\*\*1.17--2.430.950.54--1.67 50 and over6.7 (84)1.61\*0.92--2.811.340.79--2.280.770.34--1.77Level of relative isolation None27.6 (347)Reference..Reference..Reference.. Low50.4 (633)1.050.74--1.510.940.70--1.260.830.50--1.37 Moderate12.9 (162)0.680.41--1.120.47\*\*0.30--0.731.490.75--2.95 High/extreme9.0 (113)0.43\*\*0.24--0.780.22\*\*0.12--0.402.19\*\*1.08--4.44Education: primary carer Bachelor degree or above8.8 (109)1.400.82--2.391.410.88--2.261.190.57--2.51 Other post-school39.3 (484)0.970.71--1.341.31\*0.97--1.761.190.75--1.89 Year 11 or 1222.9 (282)0.860.59--1.250.770.54--1.091.250.74--2.12 Year 10 or below29.0 (357)Reference..Reference..Reference..Family financial strain Save a lot6.2 (78)Reference..Reference..Reference.. Save a bit every now and then39.9 (501)1.330.71--2.470.990.59--1.700.780.37--1.67 Some money left over each week but we just spend it9.2 (116)1.280.60--2.691.180.63--2.210.490.18--1.33 Just enough money to get us through to the next pay33.3 (418)1.88\*1.00--3.541.410.82--2.401.100.51--2.39 Spending more than we get11.2 (141)2.20\*\*1.08--4.481.230.67--2.240.850.34--2.12*aOR* adjusted odds ratio, \*\* *p* value \<0.05; \* *p* value \<0.10 (marginal statistical significance)Note: The table includes separate models for: primary carer's experience of racism (*n* = 1020); family experience of racism, discrimination or prejudice (*n* = 1196); and study child treated badly or discriminated against because they were Indigenous (*n* = 1109). Models exclude records with missing data. Each model is adjusted for sex and age of the study child, age of the primary carer, level of relative isolation, primary carer education, and family financial strain^a^Full Wave 6 sample

Table [2](#Tab2){ref-type="table"} highlights a generally positive association between primary carer and child experiences of racial discrimination and poor physical and mental health for Indigenous children. This includes statistically significant effects (*p* \< 0.05) for mental health, sleep difficulties and asthma (with the ORs ranging from about 1.7 to 2.7). While some of the associations for obesity reached marginal significance (*p* \< 0.10), there was no discernible association with general health and injury. In contrast, there appeared to be only weak and non-significant associations between the selected health indicators and family experiences of racial discrimination. Modelling using multiple imputation was carried out for both mental health (no missing outcome data, Additional file [1](#MOESM1){ref-type="media"}: Table S1) and obesity (some missing outcome data, Additional file [2](#MOESM2){ref-type="media"}: Table S2). Effect size estimates were consistent (differed only at the second decimal place) with analyses conducted on complete cases only so this method was not pursued.Table 2Odds ratios and PAR proportions for associations between health outcomes and experiences of racial discriminationExperiences of racial discriminationModel 1^a^Model 2^b^OR95% CIaOR95% CIPAR (%)95% CI*Mental health* Primary carer^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)0.840.56--0.260.780.51--1.19−6.8−14.5, 1.0  Persistent (two waves)1.68\*\*1.02--2.741.460.88--2.455.80.3, 11.2 Family^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.000.69--1.450.950.64--1.39−1.4−9.0, 6.1  Persistent (two waves)1.160.76--1.781.120.71--1.762.2−3.7, 8.0 Child  No exposureRef.Ref.Ref.Ref\.....  Ever exposed2.21\*\*1.48--3.302.32\*\*1.52--3.5316.211.1, 21.2*General health* Primary carer^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.110.75--1.641.140.76--1.703.9−3.8, 11.6  Persistent (two waves)0.790.45--1.380.780.44--1.38−3.0−7.4, 1.4 Family^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)0.990.69--1.431.050.73--1.521.4−5.9, 8.7  Persistent (two waves)0.64\*0.40--1.030.700.43--1.13−5.9−10.0, −0.9 Child  No exposureRef.Ref.Ref.Ref\.....  Ever exposed1.340.89--2.031.310.86--1.984.3−0.3, 8.9*Sleep difficulties* Primary carer^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)0.730.47--1.120.690.44--1.08−9.6−17.6, −1.6  Persistent (two waves)2.16\*\*1.34--3.481.92\*\*1.17--3.1510.84.6, 17.0 Family^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.210.84--1.751.100.76--1.592.8−5.0, 10.5  Persistent (two waves)1.43\*0.95--2.161.170.77--1.793.1−3.0, 9.2 Child  No exposureRef.Ref.Ref.Ref\.....  Ever exposed2.36\*\*1.54--3.612.72\*\*1.77--4.1819.113.8, 24.4*Obesity* Primary carer^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.440.89--2.311.500.92--2.4413.12.2, 23.9  Persistent (two waves)1.520.80--2.871.540.80--2.976.3−0.2, 12.9 Family^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.260.83--1.921.240.81--1.906.6−2.4, 15.7  Persistent (two waves)1.130.68--1.891.030.61--1.730.5−5.9, 6.9 Child  No exposureRef.Ref.Ref.Ref\.....  Ever exposed1.410.86--2.321.63\*0.98--2.708.22.2, 14.1*Injury* Primary carer^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)0.790.31--2.040.790.29--2.14−6.4−25.7, 12.9  Persistent (two waves)1.840.67--5.001.520.53--4.376.5−9.2, 22.1 Family^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)0.520.20--1.360.500.19--1.31−16.7−34.5, 1.1  Persistent (two waves)0.880.35--2.230.750.28--1.97−4.9−21.3, 11.5 Child  No exposureRef.Ref.Ref.Ref\.....  Ever exposed1.070.46--2.500.880.35--2.21−1.8−14.5, 11.0*Asthma* Primary carer^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.240.73--2.111.280.74--2.217.5−4.6, 19.5  Persistent (two waves)2.65\*\*1.47--4.762.56\*\*1.40--4.6917.27.8, 26.5 Family^c^  No exposureRef.Ref.Ref.Ref\.....  Time-limited (one wave)1.300.80--2.101.240.76--2.036.4−5.3, 18.1  Persistent (two waves)1.320.76--2.301.170.66--2.073.1−5.9, 12.0 Child  No exposureRef.Ref.Ref.Ref\.....  Ever exposed1.77\*\*1.05--3.002.04\*\*1.19--3.4813.25.6, 20.7*aOR* adjusted odds ratio, \*\* *p* value \<0.05; \* *p* value \<0.10 (marginal statistical significance); PAR = population attributable riskNote: The table includes separate models for each of the three racism variables by six indicators of health. Models exclude records with missing data^a^Model 1 is adjusted for sex and age of the study child^b^Model 2 includes Model 1 variables as well as the age of the primary carer, level of relative isolation, primary carer education, and family financial strain^c^'Time-limited' is defined as exposure to racism in one wave only, while 'Persistent' includes exposure in multiple waves

The effect sizes for the associations between primary carer experiences of racial discrimination and child health tended to be considerably larger for those exposed to persistent racial discrimination when compared with those who experienced time-limited racial discrimination, suggesting a dose-response relationship between this form of vicarious racism and mental health, sleep difficulties and asthma. For example, children were 2.6 times more likely (95% CI: 1.47--4.76) to have asthma when their primary carer experienced persistent racial discrimination, with a weak and non-significant odds (OR = 1.2, 95% CI: 0.73--2.11) when the carer reported racial discrimination in one wave only.

The relationships between racial discrimination and health are only slightly attenuated by the inclusion of other known covariates in the statistical models. This suggests that the socio-demographic circumstances of Indigenous families have little impact on the relationship between racism exposure and the health of children.

Adjusting for all variables included in Model 2, we found the highest PARs for child experiences of racism. This accounted for 16.2% (95% CI: 11.1--21.2%) of the PAR for mental health status, 19.1% (95% CI: 13.8--24.4%) of the PAR for sleep difficulties, 8.2% (95% CI: 2.2--14.1%) of the PAR for obesity and 13.2% (95% CI: 5.6--20.7%) of the PAR for asthma. Carer experiences of persistent racial discrimination accounted for a portion of the PAR for mental health (5.8%; 95% CI: 0.3--11.2%), sleep difficulties (10.8%; 95% CI: 4.6--17.0%) and asthma (17.2%; 95% CI: 7.8--26.5%), while time-limited exposure accounted for 13.1% (95% CI: 2.2--23.9%) of the PAR for obesity.

Discussion {#Sec9}
==========

This study is one of the first to use longitudinal data to examine the effects of both direct and vicarious racial discrimination on a range of child health indicators. We have shown that racism is associated with mental health and aspects of the physical health of Indigenous children in Australia, with the most consistent results relating to mental health status, sleep difficulties, obesity and asthma. While prior studies suggest that racism poses the greatest risk to mental health \[[@CR22]\], children experiencing racial discrimination in this study were, broadly speaking, at an equally elevated risk of having sleep difficulties, asthma and mental health problems.

In a novel finding, we highlight the negative impact that persistent vicarious racism has on child health, with reports of racial discrimination by primary carers at two earlier time points associated with a 1.7--2.6 times increased odds of poor mental health, sleep difficulties and asthma in children at age 5--10 years. This finding is consistent with a causal association between racism and health, and suggests that prolonged and/or more frequent exposure to vicarious racial discrimination that starts in the early lifecourse can impact on multiple domains of health in later life. This is likely to reflect processes of biological embedding, whereby frequent exposure to stressors in early life can impact on the development and functioning of vital organs, and contribute to systematic differences in health throughout life \[[@CR58], [@CR59]\]. These pathways are, plausibly, enmeshed with the experiences of racism among parents and the effect that this has on their mental wellbeing and ability to provide support that optimises child development \[[@CR24], [@CR25]\]. While relatively little is known about the pathways from vicarious racism to poor child health, an increased focus on longitudinal studies that begin at birth will provide a deeper understanding of the role of this form of racism in the pathways to disadvantage, including the persistent and striking inequalities in health between Indigenous and other populations.

The magnitude of elevated risk for mental health found in our study is consistent with existing studies in Australian Indigenous settings, and suggests that the direct experience of racial discrimination (assessed using single-item measures) is associated with a doubling of the risk of an Indigenous child or youth developing a mental health problem \[[@CR36]--[@CR38]\]. This includes a diverse set of mental health outcomes, such as anxiety, depression, suicide risk, low self-esteem, as well as overall mental health status. Priest et al. (2011) showed a higher risk among Indigenous youths (odds ratio of 3.35) which may reflect the older ages of study participants in the study (16--20 year-olds) or the fact that participants reported their own experiences of racism and mental health \[[@CR38]\]. Similar studies among other minority groups also predominantly focus on adolescents and youth; one study of fifth-grade students (usually aged 10--11 years) in US metropolitan areas highlighted that children from non-White racial/ethnic groups who perceived discrimination were up to 3.9 times more likely to suffer depression and up to 2.4 times more likely to have specific externalizing disorders, with differences in relative risk between Black, Hispanic and other ethnic groups \[[@CR60]\]. These results and the findings from our study confirm that, while children may be less likely to perceive discrimination in the period prior to adolescence, it nonetheless poses a considerable risk to the mental wellbeing of those who perceive it.

Our study highlights a relationship between racism and sleep difficulties, although the strength of this association appears to be greater than the results of previous studies in the US and Brazil \[[@CR40], [@CR41]\]. The findings of Bittencourt et al. (2009) and Huynh and Gillen-O'Neel (2013) suggest that both overt and subtle forms of discrimination have a moderate impact on the amount and quality of sleep among adolescents from ethnic minority populations. Our study supports the notion that stress associated with racism can also disrupt sleep in children, although further research is needed to quantify the impacts on quality and duration of sleep, particularly given the importance of sleep to brain development in childhood \[[@CR61]\] and ongoing wellbeing \[[@CR62]\].

Previous studies have also highlighted that parental stress exacerbates the causal risks of childhood asthma \[[@CR43]\], although to our knowledge no studies have assessed racism specifically as a stressor. We have shown that both parental and children's direct experiences of racism are strongly associated with asthma, with a 2--3 times greater risk for these racism exposures in multivariate models. Racism is likely to impact asthma in multiple ways---for example, the stressful effects of racism can impact on multiple bodily systems and increase a person's susceptibility to the range of environmental exposures that are implicated in the development of asthma (e.g. air pollution and smoke exposure). In addition, the association may partly be an artefact of greater visibility of asthma responses in those experiencing racism, reflecting the connection between stress events and the onset of wheeze and asthma attacks in children \[[@CR63], [@CR64]\].

The pervasive health inequalities between Indigenous and non-Indigenous people in Australia demands a better understanding of the aetiology of poor health outcomes in Indigenous populations. While the current scientific literature implicates racism and its ill effects in the complex pathways to physical and mental health problems \[[@CR5]\], there has been little scrutiny of the saliency of these factors in Indigenous children. This study adds to the sparse studies on Indigenous children, and further confirms that Indigenous children exposed to racism tend to be at a considerably greater risk of poor health \[[@CR35]--[@CR38]\]. In addition, the prevalence of racism among participants in this study is broadly consistent with the existing estimates in comparable studies of Indigenous child populations. We found that 40% of primary carers, 45% of families and 14% of Indigenous children aged 5--10 years had experienced racism at some point in time, with previous studies using single-item measures typically in the range of 15--40% \[[@CR22]\]. However, the prevalence of direct experiences of racism among 12--17 year olds in Victoria (35%) and Western Australia (22%) are higher than what we have reported in this study (14%). This is likely to reflect differences in participant age range and respondent awareness. Prevalence rates are generally higher among adolescents than children, reflecting that adolescence is a time when children widen their spheres of influence and gain a greater awareness of discrimination \[[@CR25]\]. Further, previous studies have asked adolescents about their experiences of racism directly whereas the LSIC asked the primary carer about their (perhaps limited) perceptions of their child's experiences.

PAR estimates were of a low to moderate size, with notable values shown for mental health, sleep difficulties, obesity and asthma with respect to both child and primary carer experiences of racial discrimination. PARs can highlight modifiable risk factors and estimate how much disease can be averted with their elimination \[[@CR44]\], although few studies have examined the PAR of racism, to date. The results here suggest that eradicating racism is likely to reduce the burden associated with some important health problems in childhood and therefore account for a portion of the health inequality between Indigenous and other Australians. The PAR estimates here do not fully capture the impact of racism on health inequality, given that the effect of racism on other determinants of health was not examined in this study due to limitations in the available data.

Overall, the study results suggest that children who are exposed to racial discrimination (and/or perceive it) have poorer physical and mental health, and that racism is an important modifiable risk factor that needs to be targeted to reduce disease burden. However, the impact of racism needs to be explored in more detail in order to more fully understand what types of racism have the most impact on Indigenous health. We need to know more about the prevalence of systemic, interpersonal and internalised racism for Indigenous Australians and how this varies by place and socioeconomic status, among other factors. Instruments need to be developed that measure perceptions of racism in children and youth that take into account the unique contexts and developmental levels of children. And, critically, future research will need to focus on pathways in order to deepen our understanding of detrimental effects of racism on health. All of this will help us design more effective interventions to combat racism. This, in turn, will help us to increase the pace of change toward health equality in Australia.

Strengths and limitations {#Sec10}
-------------------------

The main strengths of this study are that it: (1) draws upon a large, national dataset that was collected using robust and culturally appropriate methods and processes; (2) utilizes validated and reliable tools for assessing social and emotional wellbeing (mental health); (3) employs rigorous analytical methods; (4) uses a wide range of indicators that measure different aspects of racism and health in the Australian Indigenous population, including measures of racism at different points in time; (5) reduces the likelihood of recall bias given multiple surveying of participants; and (6) reports two measures of the effect of racism, including PARs which can support a better understanding of the importance of racism as a health risk factor.

The limitations mainly relate to the measurement of the construct of racism. First, while three dimensions of racial discrimination were presented here, they only reflect the perceptions of the primary carer, which may not necessarily accord with the views and experiences of study children or other family members. Second, racism is a complex, multifaceted concept that goes beyond the scope of interpersonal racism, which was the primary focus of our analysis. Third, we used only single-item measures of racism which typically lead to an under-estimation of the extent of racism experience \[[@CR16]\]. Fourth, there are likely to be a diversity of responses to situations of racial prejudice and discrimination among study respondents. Responses can be influenced by many factors---including those related to identity, behaviour, capabilities, self-esteem, social support, and peer and inter-ethnic relations, among others---and may therefore shape the recording of racism prevalence and its relationship with child health. In addition, the LSIC employed a non-random sampling design, with study sites chosen for practical and logistical reasons. While these sites represent the diversity of community environments where Indigenous children live, the sample is not necessarily representative of the total population of Indigenous children in Australia \[[@CR46]\]; accordingly, the results of this study may not be generalizable to this broader population of Indigenous children.

Conclusion {#Sec11}
==========

Direct and persistent vicarious racial discrimination are detrimental to the physical and mental health of Indigenous children in Australia. Racism is thus a critical social determinant of health in Indigenous and minority children. Prolonged and more frequent exposure to racial discrimination that starts in the early lifecourse can impact on multiple domains of health in later life. Tackling and reducing racism should be an integral part of policy and intervention aimed at improving the health of Australian Indigenous children and thereby reducing health disparities between Indigenous and non-Indigenous children.
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